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Human interleukin-29 (IL-29), a helical cytokine with interferon-like activities, is currently being developed
as a clinical biotherapeutic to treat chronic hepatitis C infection and some cancers. As such, the World Health
Organization (WHO) has recognized a need for biological standardization of IL-29 and the establishment of
an internationally available reference reagent of IL-29. In order to accomplish this, an international col-
laborative study that evaluates WHO candidate reference reagents of IL-29 was instigated by the National
Institute for Biological Standards and Control (NIBSC) in 2010 and was carried out in the succeeding year.
Two preparations of human sequence recombinant IL-29, one expressed in murine NS0 cells and the other in
Escherichia coli, were formulated and lyophilized at NIBSC before evaluation in the collaborative study for
their suitability to serve as a reference reagent. The preparations were tested by 6 laboratories from 4
countries using in vitro bioassays and also evaluated for thermal stability within the NIBSC laboratory. On
the basis of the results of the collaborative study, both preparations, 07/212 (NS0-derived) and 10/176 (E.
coli-derived) were judged sufficiently active and stable to serve as a reference reagent. However, since IL-29
produced in E. coli is in development for clinical applications, it was recommended that the preparation
coded 10/176 be established as the WHO international reference reagent for human IL-29. This recom-
mendation was accepted, and the IL-29 preparation coded 10/176 was formally established by the WHO
ECBS at its meeting in October 2012 as the WHO international reference reagent for IL-29 with an assigned
unitage of 5,000 reference units per ampoule.

Introduction

Interleukin-29 (IL-29) is the prototypic member of a
small family of 3 closely related cytokines, IL-28A, IL-

28B, and IL-29, which share common functional and
structural features with a class of numerous cytokines that
act through class II cytokine receptor family receptors
(Kotenko and others 2003; Sheppard and others 2003;
Langer and others 2004; Li and others 2009; Donnelly and
Kotenko 2010). This class includes type I interferons (IFN),
type II IFN or IFN-g, and the IL-10 family. IL-29 is dis-
tantly related to both IL-10 and type I IFN-a families, has
antiviral activity, and is alternatively designated as IFN-l1,
which is a type III IFN (IL-28A = IFN-l2 and IL-28B = IFN-
l3). The gene encoding IL-29 has 5 exons and is located on
the long arm of human chromosome 19 in close proximity to

the IL-28A and IL-28B genes. The IL-29 gene encodes a
mature, secreted IL-29 protein of 181 amino acids, which
includes 1 potential N-glycosylation site and whose 3D
structure is that of a monomeric a-helical protein, topolog-
ically similar to IL-10 and other members of the IL-10
family of cytokines (Miknis and others 2010). Similar to
type I IFNs, IL-29 is induced by viral infections in many
cells types, including dendritic cells, monocytes/macro-
phages, and various tumor-derived cell lines (Li and others
2009; Donnelly and Kotenko 2010). It has been shown to
inhibit the replication of several viruses, including hepatitis
C virus (HCV) in vitro (Li and others 2009; Pagliaccetti and
Robek 2010).

IL-29, as well as IL-28 (A and B), interacts with a het-
erodimeric class II cytokine receptor that consists of the
affinity converter IL-10Rb chain and an orphan class II
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receptor chain designated IL-28Ra or, alternatively, IFN-
lR1 (Kotenko and others 2003; Sheppard and others 2003).
Although IL-28/-29 receptors are distinct from those used
by type I IFNs, it appears that IL-29 (and IL-28A and B)
triggers identical JAK-STAT signaling pathways in sus-
ceptible cells and induces interferon-stimulated response
elements (ISREs). In common with type I IFN, IL-29 up-
regulates several known IFN responsive genes, including
MxA, 2-5A synthetase, and class I MHC antigen. Thus, the
activities of IL-29 demonstrated to date are the same as
those documented for type I IFNs, namely antiviral (both
in vitro and in vivo), immunostimulatory, and antiproli-
ferative activity, although more selective and appearing to
be weaker than type I IFN in the cell-based systems used
(Meager and others 2005; Li and others 2009; Donnelly and
Kotenko 2010). The selective activity results from the var-
iable expression pattern of IL-28Ra among cell types. While
the IL-10Rb chain is ubiquitous, IL-28Ra is expressed at the
highest levels in epithelial cells, melanocytes, and hepato-
cytes and at the lowest levels in primary central nervous
system cells. Although blood immune cells, for example,
monocytes and lymphocytes, express IL-28Ra, they exhibit
impaired response to IL-28/-29 due to the secretion of a
short spliced variant of IL-28Ra that inhibits induction of
JAK-STAT activation (Meager and others 2005; Li and
others 2009; Witte and others 2009; Donnelly and Kotenko
2010; Dickensheets and others 2013).

The characterization of IL-29 as an ‘‘antiviral’’ cytokine
has paved the way for its development as a therapeutic
clinical product, especially for patients with chronic HCV
infection. Although pegylated IFN-a2 and ribavirin in
combination is the current ‘‘standard of care’’ therapy for
these patients, it is associated with undesirable hematolog-
ical and neurological side effects. In comparison, since
functional receptors for IL-29 are expressed at low levels in
T cells and NK cells and not at all in hematopoietic pre-
cursor cells, IL-29 appears to have a few side effects
(Donnelly and Kotenko 2010; Pagliaccetti and Robek 2010;
Dickensheets and others 2013). In addition, genetic studies
have implicated the IL-28/29 cytokine family in both the
natural and therapy-induced resolution of HCV infection
(Pagliaccetti and Robek 2010; Thursz and others 2011;
Dolganiuc and others 2012; Hayes and others 2012). Several
new inhibitors, for example, protease-, polymerase-, and
cyclophilin inhibitors are currently in phase 3 trials with the
aim of delivering effective, safe, and shorter duration of
therapy when compared with the current standard of care
(Aronsohn and others 2013).

The potential of pegylated IL-29 as an alternative bio-
therapeutic agent to pegylated IFN-a2 for the treatment of
patients with chronic HCV infection was demonstrated in a
phase Ib trial of pegylated IL-29 (IFN-l1) with or without
ribavirin (Muir and others 2010; Ramos 2010) and in a
recently completed ‘‘EMERGE’’ phase IIb trial according to
which treatment naı̈ve patients with HCV genotypes 1 or 4
were treated with pegylated IL-29 (IFN-l1) or pegylated
IFN-a2a. Pegylated IL-29 appeared to have fewer of the
undesirable side effects of IFN-a2 and to have a good safety
profile in chronic HCV-infected patients (Muir and others
2010). In the ‘‘EMERGE’’ study, similar sustained viro-
logical response rates for the 2 regimens (IFN-a2a or IL-29)
and similar viral breakthrough and post-treatment response
rates were evident. However, IL-29-treated patients expe-

rienced less hematological toxicity and, as in phase Ib trial,
fewer side effects (musculoskeletal and flu-like symptoms)
were noted (Muir and others, Presented at American As-
sociation for the Study of Liver diseases, November 2012).
Furthermore, combinations of lL-29 with direct-acting an-
tiviral agents are highly efficient in suppressing HCV rep-
lication (Friborg and others 2013). In addition, studies have
shown that IL-29 also has independent antitumor activity,
and co-operates with type I IFN to elicit more efficient di-
rect antitumor activities (Li and others 2009; Donnelly and
Kotenko 2010; Fujie and others 2011), suggesting its use-
fulness for therapy of certain cancer types. As a conse-
quence, other IL-29-based prototypes, for example, IL-29
linked to a stabilized dimer of Fab, are being investigated
(Liu and others 2013).

Potency measurements of IL-29 products used for clinical
treatments of HCV infection and other possible indications,
for example, malignancies, require standardized bioassays.
Since an international reference standard for IL-29 would
facilitate measurement of the potency and stability of ther-
apeutic preparations of IL-29 and, in addition, measurement
of IL-29 levels for research purposes, the need for an in-
ternational reference reagent for use in standardizing bio-
assays that measure the potency of IL-29 was recognized
and endorsed by the World Health Organization Expert
Committee on Biological Standardization (WHO ECBS) at
its meeting in October 2010. Consequently, the National
Institute for Biological Standards and Control (NIBSC) co-
ordinated an international collaborative study to undertake
this objective. Two candidate preparations of IL-29, both of
which were lyophilized, were sent to participants for po-
tency determinations in their in vitro bioassays with specific
aims:

(i) To assess the relative activity of the 2 ampouled IL-29
preparations in different bioassays for assessing the
influence of individual bioassay formats on the esti-
mates of potency.

(ii) To compare the activities of the ampouled prepara-
tions with ‘‘in-house’’ standards of IL-29, where
available.

(iii) To compare the activities of the ampouled prepara-
tions with type I human IFN standards, for example,
IFN-a2, where available.

Materials and Methods

Materials used for the study: preparation
of ampouled lyophilized IL-29

Two preparations of recombinant human (rh)IL-29 were
kindly donated to the WHO (see Acknowledgments sec-
tion). One preparation was expressed in murine NS0 mye-
loma cells, while the other preparation was expressed in
Escherichia coli. Trial fills were conducted, and the bio-
logical activity of the lyophilized preparations was com-
pared with the bulk material in a reporter gene assay based
on induced secretion of soluble alkaline phosphatase from
human HEK cells harboring the interferon-stimulated re-
sponse element (ISRE) promoter linked to alkaline phos-
phatase gene (LaFleur and others 2001; Meager and others
2005). A formulation containing both human serum albu-
min (HSA) and bovine casein, previously successfully
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used for lyophilization of IFN-b (Meager and Gaines Das
2005), was found to best preserve the activity of IL-29 after
lyophilization and was, therefore, chosen for trial and de-
finitive fills. Since the trial lyophilizations performed ap-
propriately in the bioassay, the preparations were filled into
ampoules and final lyophilization was carried out at NIBSC
as per the procedures used for International Biological
Standards (WHO Expert Committee on Biological Stan-
dardization 2006).

Formulation solutions were prepared using nonpyrogenic,
sterile 6-salt phosphate-buffered saline (NaCl: 140 mM;
KCl: 2 mM; Na2HPO4$12H2O: 8 mM; KH2PO4: 1.5 mM;
CaCl2$2H2O: 0.9 mM; MgCl2$6H2O: 0.5 mM: pH 7.4) and
de-pyrogenated glassware. After addition of the appropriate
quantities of HSA and bovine casein and re-adjustment of pH
(to pH 7.4 with sodium hydroxide), solutions were filtered
using sterile nonpyrogenic 0.2mm cellulose acetate filters
(Schleicher & Schuell Microscience GmbH) and stored at
4�C. The appropriate amount of the bulk rhIL-29 preparation
was added to the formulation solution (*4,000 mL) on the
day of the definitive fills and dispensed into ampoules in
1.0 mL aliquots to provide final rhIL-29 concentrations of
1.0mg/mL* (NS0-derived rhIL-29, 07/212) and 0.5mg/mL*
(E. coli-derived rhIL-29, 10/176), respectively. Final com-
positions are shown in Table 1. For the study, the 2 prepa-
rations were coded as described in Table 1.

For each fill, a percentage of ampoules were weighed. The
mean fill weights are shown in Table 2. Each solution was
lyophilized, and the ampoules were sealed under dry nitro-
gen by heat fusion of the glass and stored at - 20�C in the
dark. Residual moisture of each preparation, measured by
the coulometric Karl–Fischer method (Mitsubishi CA100), is
shown in Table 2. Headspace oxygen content was deter-
mined by frequency-modulated spectroscopy using the
Lighthouse FMS-760 Instrument (Lighthouse Instruments;
LLC). Testing for microbial contamination using total viable
count method did not show any evidence of microbial con-
tamination. A low level of endotoxin was detected in the
preparations; the levels were deemed to be insignificant to
the performance of assays, particularly as it is diluted out in

assay procedures and the cell lines used for assays are gen-
erally insensitive due to a lack of endotoxin receptors.

Participants

Coded ampoules were dispatched in December 2011 to 9
laboratories in 6 countries. The participants comprised 3
control laboratories, 1 contract research laboratory, and 5 ac-
ademic scientists. Six participants submitted data (2 partici-
pants withdrew due to inability to assay materials and 1 due to
not being able to receive materials). Participants are referred to
by a code number allocated at random (Appendix A).

Assay methods and study design

A summary of the bioassay methods used by the individual
laboratories in the study is given in Table 3. Antiviral assays
that were based on the IL-29-induced reduction of cytopathic
effect in cultured human cell lines challenged with enceph-
alomyocarditis virus and measurements of vital stain ab-
sorption at the end of assays were used by laboratories 1, 2,
and 5. Laboratory 3 used vesicular stomatitis virus (VSV) for
viral challenge in their antiviral assay (Kotenko and others
2003). Two laboratories, 5 and 6, used reporter gene assay
methods in which IL-29-induced enzyme activity was mea-
sured after a defined time interval. For example, laboratory 5
measured alkaline phosphatase activity in the supernatants of
transfected HEK 293 cells harboring the secreted alkaline
phosphatase cDNA linked to the ISRE promoter after a 48 h
stimulation with IL-29 (LaFleur and others 2001; Meager and
others 2005). In contrast, laboratory 6 measured lumines-
cence generated after IL-29 stimulation of firefly luciferase
activity in transfected HuH7 cells harboring an IFN-regulated
firefly luciferase construct (Lallemand and others 2008). Two
laboratories measured ‘‘early’’ IL-29 STAT-1 activation us-
ing different methods. Laboratory 4 determined the quantity
of phospho-tyrosine STAT-1 in cell lysates by an ELISA
method after IL-29 stimulation, while laboratory 3 used an
electrophoretic mobility shift assay (EMSA) to assess STAT-
1 activation (Kotenko and others 2003).

Participants were asked to assay all samples concurrently on
a minimum of 2 separate occasions using their own routine
bioassay methods. Participants were requested to perform at
least 4 dilutions of each preparation using freshly reconstituted
ampoules for each assay. Where available, they were asked to
include their own in-house reference material in their assay.
Participating laboratories were sent 3 ampoules each of study
samples coded A and B as detailed in Table 1. Participants

Table 1. Materials Used in Study

No. of
Ampoule contents

Ampoule
code

Study
code

ampoules
in stock

IL-29 (predicted
mass, lg) Expression system Excipientsa

Reconstitution
volume

Custodian
and storage

07/212 A *3,800 1 Murine NS0 0.3% Bovine casein,
1% HSA, 6-salt
PBS, pH 7.4

1 mL distilled
water

NIBSC Potters
Bar, HERTS,
United Kingdom
Stored at - 20�C

10/176 B *3,900 0.5 Escherichia coli

aBovine casein was certified to be sourced from countries where BSE is not known to exist.
BSE, bovine spongiform encephalopathy; HSA, human serum albumin; IL-29, interleukin-29; PBS, phosphate-buffered saline.

*The mass content of bulk rhIL-29 preparations was determined by
the manufacturers. Since the protein content of the ampoules cannot
be verified by direct measurement of absolute mass, the content of
rhIL-29 per ampoule is assumed to be that calculated from the di-
lution of the bulk rhIL-29 preparation of the protein mass content
assigned by the manufacturer, and the volume of formulated solution
delivered to the ampoule. This value is given as ‘‘predicted mg.’’

878 MEAGER ET AL.



were requested to return their raw assay data and also their own
calculations of potency of the study samples relative to A or to
other in-house reference materials they included in their assays.

Statistical analysis

Where possible, the potencies of the study samples A and
B were compared by calculating the potency of B relative to
A by analysis of the raw assay data at NIBSC. The assays
were analyzed using a weighted logistic parallel line model,
using the full dose-response curve, using the European
Directorate for Quality of Medicines and Healthcare (EDQM)
assay analysis software, Combistats (http://combistats.edqm
.eu/). In some instances, the assays were analyzed using a
simple parallel-line model based on a linear portion of the
dose-response curve (Finney 1978). Assay validity was as-
sessed by the usual analysis of variance tests for linearity
and parallelism and by visual inspection of the plotted dose-
response curve.

Potencies within laboratories were combined using geo-
metric means, and intra-laboratory variability was expressed

as geometric coefficients of variation (%GCV) (Kirkwood
1979). Overall potencies were calculated as geometric means
of the individual laboratory means, and inter-laboratory var-
iability was expressed as %GCVs between laboratory means.

Stability studies

Accelerated degradation studies. Samples of the candidate
standards 07/212 and 10/176 (study samples A and B) were
stored at elevated temperatures ( + 4�C, 20�C, 37�C, 45�C,
and 56�C) for 42 and 20 months, respectively, and assayed
at NIBSC using a reporter gene assay (LaFleur and others
2001; Meager and others 2005). Samples were tested con-
currently with those stored at the recommended storage
temperature of - 20�C, and with baseline samples stored at
- 70�C. For each material, at least 3 assays were performed
with each temperature replicated across 4 plates within each
assay. The assays were analyzed as described for the main
collaborative study, and the potencies of the samples stored
at different temperatures were expressed relative to the ap-
propriate - 70�C baseline samples. Not all samples could be

Table 3. Individual Laboratory Codes and Assays Used by Study Participants

Laboratory
code Cells/cell line Assay type

Assay
duration (h) Read-out Reference

1 Human HEP2G liver
carcinoma

Antiviral/cytopathic
effect reduction/
EMCV challenge

48 Colorimetric/crystal
violet stain

—

2 Human A549
adenocarcinoma

Antiviral/cytopathic
effect reduction/
EMCV challenge

48 Colorimetric/crystal
violet stain

—

3A Human retinal
pigmented epithelial
ARPE-19

Antiviral/cytopathic
effect reduction/
VSV challenge

48 Colorimetric/crystal
violet stain

Kotenko and others
2003

3B Chinese hamster ovary
cells transfected with
IFN-lR1

EMSA/STAT-1
induction

0.33 (20 min) SDS-PAGE/STAT-1
protein band shift

Kotenko and others
2003

4 Human HEP2G liver
carcinoma

Induction of
phospho-tyrosine
STAT-1

0.5 (30 min) Measurement of
phosphoY-STAT-1
by ELISA

—

5A Human NCTC2544
keratinocyte

Antiviral/cytopathic
effect reduction/
EMCV challenge

48 Colorimetric/amido
blue black stain

—

5B Human HEK
transfected with
ISRE-SEAP

Reporter gene
(Alkaline
phosphatase)

48–72 Supernatant SEAP
activity by ELISA

LaFleur and others
2001, Meager and
Gaines Das 2005

6 Human HuH7 liver
carcinoma transfected
with IFN-regulated
Firefly luciferase

Reporter gene
(Luciferase)

16 Luminescence
(Firefly luciferase)

Lallemand and
others 2008

EMCV, encephalomyocarditis virus; EMSA, electrophoretic mobility shift assay; HEK, human embryonic kidney; SDS-PAGE, sodium
dodecyl sulfate–polyacrylamide gel electrophoresis; SEAP, soluble extracellular alkaline phosphatase; VSV, vesicular stomatitis virus.

Table 2. Mean Fill Weights and Residual Moisture Content of Candidate Preparation

Ampoule
code

Study
code

Mean fill
weight (g)

CV fill
weight %

Mean residual
moisture %

CV residual
moisture %

Mean headspace
oxygen %

CV headspace
oxygen %

07/212 A 1.0045 (139) 0.156 0.389 (12) 16.38 0.46 (12) 31.32
10/176 B 1.0017 (228) 0.190 0.419 (12) 21.35 0.77 (12) 14.82

The numbers in parentheses indicate the number of determinations. Residual moisture of each preparation was measured by the
coulometric Karl–Fischer method (Mitsubishi CA100). Headspace oxygen content was determined by frequency-modulated spectroscopy
(Lighthouse FMS-760).
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fitted on all plates, so a balanced layout was used that
resulted in 2 independent estimates of each temperature
relative to the - 70�C baseline sample for each assay. These
were combined as unweighted geometric means.

Stability after reconstitution

Samples were reconstituted and stored at temperatures of
+ 4�C and + 20�C for periods of 1, 7, and 8 days. They were
then assayed concurrently with a freshly reconstituted
sample. The assays were analyzed as described for the main
collaborative study, and the potencies of the stored samples
were expressed relative to the freshly reconstituted sample.
Two independent reporter gene assays (LaFleur and others
2001; Meager and others 2005) were performed, with each
replicated over 3 plates. Not all combinations of reconsti-
tution time and temperature could be included on each plate.
A balanced layout was used, with a freshly reconstituted
sample on each plate, resulting in 2 estimates of potency
relative to a freshly reconstituted sample for each time/
temperature combination for each assay. These were com-
bined as unweighted geometric means.

Stability on freeze-thaw

Samples of 10/176 were reconstituted and subjected to
approximately 4 freeze-thaw cycles. They were then assayed
concurrently with a freshly reconstituted sample. The assays
were analyzed as described for the main collaborative study,
and the potencies of the frozen-thawed samples were ex-
pressed relative to the freshly reconstituted sample. Two
independent reporter gene assays were performed, with each
sample replicated over 4 plates within each assay.

Results

Data received

Six out of the 9 laboratories that were sent the coded
samples for the collaborative study contributed data which
were derived using different assay methods (Table 3).

Laboratory 1 returned raw data from 4 assays, which were
analyzed using the full sigmoid dose response. Laboratory 2
returned data from 4 assays, along with their own calcula-
tion of titers for the samples. Where possible, the raw data
were analyzed using the full sigmoid dose response. How-
ever, the dynamic range of the assay was covered in a
limited number of dilution steps, and 1 assay could not be
analyzed. Potencies of B relative to A were also calculated
based on the titers calculated by the laboratory. These re-
sults are referred to as laboratory 2B, with 2A being the
NIBSC calculations from the raw data.

Laboratory 3 returned only photographic representations of
their assays’ results. In the IL-29-stimulated STAT-1 phos-
phorylation, EMSAs (3B), gel-shift autoradiographs of assays
performed on 3 separate occasions were submitted. For anti-
viral assays with VSV as challenge virus (3A), color photo-
graphs of the stained cells in 96-well microtiter plates (2 assays,
2 plates each) at the assay termination point were submitted.
Since no numerical assay readings were submitted, NIBSC was
unable to perform a statistical analysis, for either assay, from
these photographs. However, Laboratory 3 supplied their own
in-house analyses, for which account was taken in general
terms in the final assessment of assay data from all laboratories.

Laboratory 4 returned data from a single assay, using an
in-house control as a standard curve. Potencies for tripli-
cates of samples A and B were calculated relative to the
standard curve, and the potency of B relative to A was
calculated as the ratio of these.

Laboratory 5 returned data from 3 antiviral assays (labo-
ratory 5A) and 3 reporter gene assays (laboratory 5B), each
with multiple plates. They were analyzed as linear parallel line
assays, after taking a log transformation of the assay read-out.

Laboratory 6 provided data from 2 assays of A against the
WHO International Standard for IFN-a2b (95/566), and 2
assays for sample B against the same standard. Samples A
and B were not assayed concurrently. There was evidence of
nonparallelism of 95/566 against both A and B, with the
samples having different maximum responses. There were
also big differences in the overall response level across
different plates. Approximate potencies of B relative to A
were calculated as ratios of the potencies of B and A against
95/566, which were calculated using a linear parallel line
model based on a restricted linear part of the dose-response
curves. The responses of 95/566 appeared to differ between
assays, with higher responses in the assays of sample B
compared with those of sample A. It is possible that ap-
parent differences in potencies of A and B may be due to
differences in the response of 95/566 across assays, rather
than genuine differences between samples.

Dose response of samples A and B
in different assays

Both samples A and B exhibited dose responses in all
assays that would allow either of them to serve as a refer-
ence material. Representative dose-response curves of A and
B obtained in antiviral and reporter gene assays are shown in
Figure 1. With regard to results derived from assays in
which local IL-29 reference preparations or type I IFN (IFN-
a or IFN-b) or type II IFN (IFN-g) were included for
comparative purposes, the numbers of assays were few and
could provide only limited data and conclusions. Where
analyzable, assays in which a ‘‘local’’ IL-29 reference
preparation was included, for example, Laboratories 2 and
5, the dose-response curves were parallel with those of A
and B. In contrast, assays in which type I or II IFNs (lab-
oratories 5 and 6) were titrated with A and B yielded results
that indicated nonparallelism of their dose-response curves
to those of A or B. In addition, type I IFN (IFN-a2b or IFN-
b) gave higher maximal responses.

Potencies of sample B relative to A

The laboratory geometric mean potencies of sample B
relative to sample A are shown in Table 4, along with the
between-assay variability measured by the %GCV. Po-
tencies are expressed as a percentage of that of A. The
agreement between assays within laboratories is good, with
%GCVs ranging between 3% and 13%, where it was pos-
sible to calculate them. This indicates that for the majority
of laboratories, the samples A and B behave reproducibly
within the different assay systems.

The laboratory mean potencies of sample B relative to
sample A are more variable between laboratories. The re-
sults from laboratory 2 (2A and 2B) are alternative calcu-
lations from the same assay data, and so are in close
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agreement. The anti-viral and reporter gene assays from
laboratory 5 are in reasonable agreement with each other,
and with the assays of laboratory 1. Laboratory 4 obtains a
much higher potency of B relative to A (410%) than the
other laboratories, but this is based on a single assay. While
it has not been possible to analyze the EMSA photographs
submitted by laboratory 3, these clearly show that B has a
much higher potency than A. For instance, from the par-
ticipant’s analysis, 1/100 dilution of B was equivalent to
10 ng/mL of an in-house IL-29 reference preparation;
whereas this corresponded to a 1/10 dilution of A, that is, B
was 10-fold more potent than A in their EMSA. In addition,

the antiviral assays submitted by laboratory 3 indicated a
greater potency of B, *5-fold more potent than A from their
in-house analysis. In contrast, laboratory 6 obtained a lower
potency for B relative to A (23%); however, as noted earlier,
this is an approximate value derived from separate assays of A
and B against 95/566, the international standard (IS) for IFN-
a2b. These assays exhibited considerable variability in re-
sponse between plates/assays, with the response for 95/566
being much higher in the assays of sample B than in the assays
of sample A. The apparent low potency of B relative to A may,
therefore, be partly due to the behavior of 95/566 in the assays,
rather than a genuine difference between samples A and B.

FIG. 1. Illustrative examples of dose-response curves obtained with interleukin-29 (IL-29) preparations coded A (closed
circles) and B (open circles) using different IL-29 assays. Human NCTC2544 keratinocyte cell line-based antiviral assay
(a), human HEK ISRE SEAP-based reporter gene assay (b), human HEP2G carcinoma cell line-based antiviral assay (c),
reporter gene assay using transfected human HuH7 cells harboring interferon (IFN)-regulated firefly luciferase construct (d).
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Stability studies

Accelerated degradation studies. For this, reporter gene
assays in which samples were stored at different tempera-
tures were analyzed and the potencies were expressed rel-
ative to the samples stored at - 70�C. Both samples A and B
exhibited high thermal stability in lyophilized form; how-
ever, only results for sample B (candidate standard coded
10/176) are presented here. The results for assay 1 were
considerably more variable than for assays 2 and 3, and did
not show the expected trend of increased degradation with
increased temperature. In particular, the estimate for the
+ 20�C sample is low at 75.1% (of the - 70�C sample)
compared with the estimate of 96.2% for the + 45�C sample.
The results for assays 2 and 3 were more consistent, and
they indicate little degradation at lower temperatures, with
an increasing trend with higher temperatures and estimates
for the + 56�C sample of around 75% of the - 70�C sample.
The geometric mean potencies are shown in Figure 2.

The usual Arrhenius model (Kirkwood 1977) was applied
to the combined data from assays 2 and 3, to obtain pre-
dictions of % loss per year at the different temperatures. The
data were a good fit to the model, and the results are shown
in Figure 3. The results indicate that 10/176 is stable, with a

predicted loss of below 0.1% per year when stored at -
20�C. It also appears to be sufficiently stable for transpor-
tation at ambient temperatures, with a predicted % loss per
month of 0.4% at + 37�C.

Further studies showed that the potencies of the recon-
stituted ampoules of sample B (10/176) are not diminished
after storage at temperatures of + 4�C and + 20�C for ap-
proximately 7 days as shown in Figure 4 (expressed as a
percentage of the freshly reconstituted ampoule). Data in-
dicate that 10/176 is very stable after reconstitution (Fig. 4).
Although there is no evidence of any loss in potency after 8
days of storage at + 20�C, it is recommended that 10/176 is
used immediately after reconstitution. In addition, we found
no pattern of increased loss of bioactivity in the reporter
gene assay used after subjecting the reconstituted contents
of the ampoule to 4 freeze-thaw cycles (data not shown).

Discussion

From the results of this study, both A and B candidate
standards for IL-29 were sufficiently highly active in all of
the assays used by participants and could be considered for

Table 4. Geometric Mean Potencies of Sample B
Relative to Sample A (as % of A)

Laboratory B as % of A Inter-assay %GCV

1 113 13.4
2A 63 3.1 (sample A only)
2B 58 7.9 (sample A)

5.9 (sample B)
4 410 N/A-1a

5A 164 10.1
5B 134 8.1
6 23 N/A-2b

aN/A-1, single assay.
bN/A-2, A and B not assayed concurrently and approximate

potencies only.
GCV, geometric coefficients of variation.

FIG. 2. Geometric mean potencies (expressed as a per-
centage) of samples of 10/176 stored at elevated tempera-
tures relative to - 70�C sample of 10/176.

FIG. 3. Predicted loss in potency (%) of 10/176 per year at
different temperatures.

FIG. 4. The figure shows the geometric mean potencies of
stored (1, 7 days) samples of 10/176 expressed as a per-
centage relative to freshly reconstituted samples of 10/176.
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adoption as a WHO international reference reagent for IL-
29. However, there was high variation in the potency esti-
mates for A and B and in the ratio of estimates, for example,
B/A (Table 4). Such variations in potencies, although not
unusual in bioassays of different types, may be attributed to
structural differences between the IL-29 proteins in A and
B. Sample A contains IL-29 derived from the murine NS0
myeloma cell line and, as IL-29 has 1 potential N-linked and
6 O-linked glycosylation sites, would be secreted as a gly-
coprotein in contrast to the nonglycosylated sample B ex-
pressed in E. coli (Kotenko and others 2003). In addition,
IL-29 in A has a carboxy-histidine tag to aid purification,
which is lacking in the preparation in B. Such differences,
while not qualitatively affecting the activities seen in assays,
could impact binding affinity/avidity to IL-29 receptors
expressed on the surface of assay cells and, thus, affect
responses quantitatively.

It is notable that the phospho-YSTAT-1 induction assay
of laboratory 4 showed the highest difference in potency.
The phosphorylation of tyrosine on STAT-1 is an ‘‘early’’
event that occurs within minutes of receptor firing. The
greater potency of B as opposed to A suggests that the
E. coli-derived IL-29 triggers the phosphorylation more
intensely than the NS0-derived IL-29, an explanation also
supported by laboratory 3’s similar observation in their
EMSA data (data not shown), where phosphorylation of
STAT-1 was measured within 20 min after the addition of
IL-29 to the cells. Data from laboratory 3 as per the par-
ticipant’s analysis showed an order of magnitude difference
between the 2 preparations, A and B. Since both STAT-1
phosphorylation assays were of relatively short duration,
they may exhibit ‘‘unusual’’ responsiveness; this is based on
the limited data available from these assays. Nevertheless,
wide differences in potencies of A and B were also observed
with other assay types; for example, antiviral and reporter
gene assays where the assay duration was much longer than
the phosphorylation assays. The antiviral assays of labora-
tories 1, 3, and 5 indicated that B was more potent than A,
whereas those of laboratory 2 gave the opposite result.
While giving a similar higher potency of B to A as found in
the antiviral assays of laboratory 5, the results of reporter
gene assays of laboratory 5 were in complete contrast to
those of the reporter gene assays of laboratory 6, where A
was apparently *4-fold more potent than B (Table 4).
However, the results of laboratory 6 appear to have been
influenced by plate-to-plate variation. It appears, therefore,
that differences in the potency of A and B are likely re-
flected by differences in the protein structures along with
differences in the types of assays used in the study, though
further confirmatory studies are indicated.

A comparison of the IL-29 preparations with the IS of
IFN-a2b, 95/566 which was included in this study because
of the shared antiviral effects of both IFN-a and IL-29,
showed that the 2 IFN types behaved differently in these
assays.

Despite the finding of wide potency estimates for samples
A and B, both of them were clearly demonstrated to be
active among the (disparate) range of bioassays employed
by participants. Both exhibited dose responses in all assays
that would enable either of them to serve as a reference
material. Both exhibited high stability and were suitable to
serve as a reference material. Based on the product in
clinical trials, reconstitution and freeze-thaw studies were

conducted only on samples of the E. coli-derived candidate
preparation (coded 10/176). These studies showed that 10/
176 is stable at the storage temperature of - 20�C, and its
activity appears stable after reconstitution and freeze-thaw
cycles. Therefore, on the basis that E. coli-derived, non-
glycosylated IL-29 is currently the only product developed
for clinical use, it was proposed that candidate standard B
(code 10/176) be accepted as the WHO reference reagent for
IL-29 and assigned a value of 5,000 units/ampoule. This was
agreed by the participants, and a report of the study was
submitted to the WHO ECBS for consideration at their an-
nual meeting in October 2012. The WHO ECBS formally
accepted the proposal and established 10/176 as the first
WHO international reference reagent for IL-29 in October
2012 (ECBS report WHO/BS/2012.2197).
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Appendix A: Participants in the Study
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In this article, each laboratory has been identified by a
number from 1 to 6 that is not related to this order of listing.
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Dr. Sergei Kotenko, Department of Biochemistry and
Molecular Biology, University Hospital Cancer Center, Uni-
versity of Medicine and Dentistry of New Jersey (UMDNJ),
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Professor Michael Tovey, INSERM Director of Research,
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thony Meager, Cytokine and Growth Factor Section, Bio-
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